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DESIGN TECHNIQUES FOR MODULAR INTEGRATED UTILITY SYSTEMS 


Barry M. Wolfer 
Lyndon B. Johnson Space Center 
Houston, Texas 77058 


PREFACE 


The Department of Housing and Urban Development (HUD) is conducting the 
Modular Integrated Utility System (MIUS) Program devoted to development and 
demonstration of the technical, economic, and institutional advantages of inte- 
grating the systems for providing all or several of the utility services for 
a community. The utility services include electric power, heating and cooling, 
potable water, liquid-waste treatment, and solid-waste management. The objec- 
tive of the MIUS concept Is to provide the desired utility services consistent 
with reduced use of critical natural resources, protection of the environment, 
and minimized cost. The program goal is to foster, by effective development 
and demonstration, early implementation of the integrated utility system con- 
cept by the organization, private or public, selected by a given community to 
provide its utilities. 

Under HUD direction, several agencies are participating in the HUD MIUS 
Program, including the Energy Research and Development Administration, the 
Department of Defense, the Environmental Protection Agency, the National Aero- 
nautics and Space Administration, and the National Bureau of Standards (NBS), 
The National Academy of Engineering is providing an independent assessment of 
the program. 

This publication is one of a series developed under the HUD MIUS Program 
and is intended to further a particular aspect of the program goals. 


V 



COORDINATED TECHNICAL REVIEW 


Drafts of technical documents are reviewed by the agencies participating 
in the HUD MIUS Program, Comments are assembled by the NBS Team, HUD MIUS 
Project, into a Coordinated Technical Review, The draft of this publication 
received such a review and all comments were resolved. 
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DESIGN TECHNIQUES FOR MODULAR INTEGRATED UTILITY SYSTEMS 

By Barry M, Wolfer 
Lyndon B, Johnson Space Center 


SUMMARY 


From 1972 to 1975, the NASA Lyndon B, Johnson Space Center worked on 
developing design techniques for the modular integrated utility systems. The 
purpose of a modular integrated utility system is to provide an alternative to 
conventional utility systems, which supply residential energy needs at the 
costs of depleting scarce fossil fuels and water and adversely affecting the 
environment. Although a modular integrated utility system is not considered 
universal to the extent that it can replace conventional utilities entirely, 
it is designed to provide electrical power, heating and air-conditioning, 
solid-waste disposal, and various water-treatment services in a single inte- 
grated plant and in a manner cost-competitive with existing systems. 

This paper describes the development of design techniques, which began 
with the definition of system hardware options and the selection of those op- 
tions most applicable to the integrated utility concept. Ground rules were 
delineated which provided reasonable design bounds consistent with anticipated 
1980-technology capabilities. Methods were derived for the development of 
utility load profiles, for the preparation of a computer program to aid in 
equipment selection and energy- and water-usage analyses, and for the develop- 
ment '•f cost-estimating techniques to compare the modular integrated system 
with conventional utility systems and services. These techniques have been 
used to analyze various modular integrated system possibilities; for example, 
the variations in energy savings and costs in relation to various factors such 
as project type, density, and size. 

Moreover, the application of advanced technology as applied to the modular 
integrated utility system has indicated a positive potential for increased 
energy and water conservation. 

INTRODUCTION 


In the summer of 1972, the Urban Systems Project Office (USPO) at the 
NASA Lyndon B. Johnson Space Center (JSC) began conducting conceptual and 
preliminary design studies to find alternate methods of providing utility 
Services, The major portion of this work has been performed under the auspices 
of the Department of Housing and Urban Development (HUD) in a project known 
as the Modular Integrated Utility System (MIUS), The purpose of the HUD MIUS 
project is to design and demonstrate technical, economic, and institutional 
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aspects of an onsite utility system that integrates the functions of electric- 
power generation, heating and air-conditioning, solid-waste disposal, potable- 
water treatment, and wastewater processing in a single plant. The intent is to 
optimize the performance of a total utility system by recovering waste or by- 
product thermal energy from power-generation processes and solid-waste disposal 
for use in space heating and cooling and hot water and by reusing treated 
wastewater for purposes other than human consumption. These techniques are 
expected to conserve natural resources, fossil fuels, and water; to minimize 
environmental impact; and to be cost-competitive with conventional systems 
and services. 


Report Scope and Approach 

This report is intended as an overview of the various design techniques 
for MIUS rather than a detailed description of each design technique. Further 
Information concerning the design techniques described herein can be obtained 
from the reference sources and by Inquiry to the USPO at JSC, 

General techniques that have been developed by NASA JSC during the con- 
ceptual and preliminary design work are described in this report, such as 
several of the considered hardware options and the evolution toward a standard 
baseline design. Topics relative to this evolution include the design tech- 
niques for determining utility loads and equipment selection, the computer 
analyses of design parameters, the determination of energy and water utiliza- 
tion, and the estimation of system costs. A description of several simplify- 
ing procedures used to analyze a wide variety of potential MIUS applications 
is included with general comments concerning the applicability of the MIUS 
concept to various residential projects. 

Constraints Imposed by the HUD ground rules on the MIUS project to restrict 
the design equipment to currently available state-of-the-art materials (arti- 
cles of commerce) are hypothetically removed toward the end of the report to 
present a discussion of theoretical considerations and possibilities for an 
MIUS design based on more advanced technology. 

Market Potential 

The HUD MIUS program is intended to encourage implementation of the con^ 
cept by private and public utility-service organizations through initial HUD- 
sponsored development and demonstration. The MIUS concept is an extension of 
the total energy concept initiated in the 1960’s, and many total-energy plants 
now operate at various facilities, such as office buildings and garden- 
apartment complexes, in the United States. These plants incorporate the con- 
cepts used in MIUS power generation, including the recovery of what had been 
previously considered waste heat to provide heating and absorption air- 
conditioning. . 

Several conceptual designs of MIUS have been examined for various appli- 
cations, which include a hospital, a school, a high rise apartment complex, and 
a shopping center Iti addition to the office btiildittgs and garden-apartment 
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complexes already mentioned. These studies were followed by an examination of 
KIUS applicability to a new 100 000-populatlon community. Specifically, the 
new town of Columbia, Maryland, was used as a model, and considerable atten- 
tion was given to the long-term (20 years) effect of phased development of the 
town on the optimum technique for Incrementally Increasing the utility capa- 
bilities. As a result of the studies, the characteristics of a baseline MIUS 
system were derived, and It was concluded that an energy saving of between 20 
and 35 percent could be achieved using the MIUS Instead of a conventional util- 
ity system, depending upon the application. 

Meanwhile, a market study was conducted to determine the availability of 
potential MIUS applications. An apartment complex having between 300 and 1000 
dwelling units was found representative of a good market potential for MIUS 
applications. A more detailed study consequently was conducted for 496- and 
992-unlt apartment complexes, which resulted in a preliminary baseline MIUS 
design. 

Subsequently, HUD project managers sought developers who would prepare 
project proposals demonstrating the MIUS concept and requested that NASA 
engineers aid In evaluating these proposals. 

As an aid to the reader, where necessary the original units of measure 
have been converted to the equivalent value in the Systeme International 
d’Unite'^s (SI), The SI units are written first, and the original units are 
written parenthetically thereafter. 

DEVELOPMENT OF A BASELINE MIUS DESIGN 


This section provides an orientation to MIUS design which will facilitate 
understanding later sections. Descriptions are given of the hardware options 
considered for the MIUS designs, of the ground rules developed to limit system 
design options, and of the baseline MIUS design that emerged. 

Hardware Options 

As indicated previously, the MIUS conceptual design work began with the 
analysis of a series of building types, which included a garden-apartment com- 
plex, an office building, a shopping center, and other facilities. The result 
of this work was the development of design techniques and concepts and energy 
analyses that were applicable to different types of facilities. As work pro- 
gressed, various options were considered for MIUS subsystems. Criteria such as 
efficiency, integration potential with other subsystems (for example, heat 
recovery from one system for use in another), and cost were used to evaluate 
the options. The major restriction imposed on final selection, however, was 
the HUD ground rule concerning the current commercial availability of equip- 
ment.,'" 


3 



The subsystem options fall into the four basic categories of electric- 
power generation, air-conditioning, solid-waste disposal, and wastewater treat- 
ment, Because of the current -commercial-availability restriction, hardware 
options associated with these four categories were reduced to the following: 
reciprocating engines (using diesel fuel or natural gas) or steam turbines for 
electric-power generation, compression or absorption chillers for air- 
conditioning, incineration (with offsite disposal of residue) for solid -waste 
disposal, and biological and/or physical-chemical methods for treatment of 
wastewater. 

Space heating and domestic hot -water heating would be supplied using heat 
recovered from power generation and incineration processes in conjunction with 
a supplementary boiler if required. After analyzing reciprocating engines and 
steam turbines, the conclusion was drawn that the reciprocating engine was 
more efficient and, therefore, better suited for MIUS requirements because of 
the higher efficiency in the size range under consideration. 

The use of compression versus absorption chillers was analyzed in the 
following manner: (1) total dependence on compression chillers; (2) total 

dependence on absorption chillers; (3) use of a fixed percentage of each type 
of chiller; and (4) use of a variable percentage of the two types of chillers, 
depending upon the application. The most efficient approach was found to be 
the last. 

The treatment of potable water would be accomplished in some conventional 
manner, depending upon the raw water source used. A surface water source, for 
example, would require clarification, filtration, and chlorination treatments. 

Following these initial conceptual design studies, the MIUS concept was 
examined for possible application to a 100 000-population new community, and 
characteristics for a baseline MIUS system were derived. A more detailed de- 
sign study then was performed for an apartment complex, which resulted in a 
preliminary baseline MIUS design configuration. 

Ground Rules 

In the designing of an MIUS system, ground rules were established that 
limited the system design options. The ground rules Incorporated the require- 
ments verbally imposed by HUD program managers and included logical conditions 
dictated by sound engineering judgment. Some variation in the ground rules 
may be desirable depending upon the application of the MIUS, and some varia- 
tions may be necessary to satisfy state and local regulations not covered by 
Federal requirements. 

The following is a list of ground rules used in the preliminary baseline 
MIUS design studies for the 496- and 992-unit apartment complexes. 

Optimization approach .- Selection parameters for system and subsystem 
alternatives will be eco.viomics, fuel and water consumption, reliability, and 
environmental impact. Economics will be the primary selection parameter, and 
alternatives will be evaluated using the discounted-cash-flow technique. If 
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the results of economic selection will cause substantially adverse effects on 
consumables usage, on reliability, or on environment, the conflict will be 
Identified and a decision will be made based on the relative significance of 
the four selection parameters. The level of system optimization will be limit- 
ed by the artlcles-of-commerce ground rule. 

Reliability considerations .- The MIUS will be designed using reliability 
standards comparable to conventional systems. 

Codes and regulatory agencies .- Any deviations from codes, guidelines, 
design criteria, and/or regulations Issued by national organizations and 
agencies will be Identified and suitably justified. 

Electrical power .- The energy source will be fuel oil. The electrical 
system will be operationally Independent from the existing utility grid but 
remain serviceable by It In emergency situations. However, the reliability of 
the Independent system will be comparable with that of the conventional system. 
Power will be generated at 60 hertz, three phase. A 30-day fuel storage capac- 
ity will be provided, and heat-recovery equipment will be compatible with the 
heating, ventilation, and air-conditioning (HVAC) subsystem. 

Emissions .- Stack emissions will comply with applicable Environmental 
Protection Agency (EPA) guidelines, 

HVAC guidelines .- A circulating four-pipe hot- and chilled-water system 
will be used, and maximum use will be made of recovered heat for heating and 
cooling. Compression chillers will be used to supplement cooling needs If 
sufficient recovered heat for total absorption cooling should be unavailable. 
Similarly, boilers will be used for supplemental space heating If sufficient 
recovered heat is not available and if heat obtained from solid-waste inciner- 
ators Is also unavailable. 

Solid waste .- Solid-waste disposal will be effected by incineration. The 
use of supplemental fuel will be minimized. Solid waste will not be Imported 
to or exported from the apartment complex; however, ultimate disposal of the 
incinerator residue will be made in a landfill remote from the complex. A 3- 
day solid-waste storage capacity will be provided in. cases of system failure 
and to avoid Incineration during weekends. The Incineration schedule may con- 
form to HVAC requirements If desired, but heat-recovery equipment must be com- 
patible with the HVAC subsystem. 

Potable water .- The 1962 U. S. Public Health Service standards for drinking 
water will be applicable to potable water. Domestic hot water of potable qual- 
ity will be brought to 338.71 K (150° F) using recovered heat. Adequate pres- 
sure and storage for firefighting purposes will be provided, and the potable- 
water treatment and firefighting capabilities will be designed so that they 
may be added to or removed from the MIUS as desired. 

Wastewater treatment .- Wastewater treatment techniques will be consistent 
with recycling requirements for nonpotable use and/or for disposal in the ex- 
ternal environment. Treated wastewater may be used for firefighting, heat 
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rejection, grounds Irrigation, and other MIUS processes. Human contact with 
treated wastewater will be minimized. No consideration will be given to storm 
water. 

Control and monitoring .- The MIUS will be capable of unmanned operation 
for reasonable periods with provisions for a communications link to a facility 
manager and/or a maintenance engineer in case of operational problems or unan- 
ticipated failures. Continuous surveillance and control of MIUS operations 
will be achieved using the most cost-effective techniques requiring minimal 
operator intervention. The control/monitoring subsystem will be capable of 
surveying and scheduling requirements for routine manual intervention, such as 
for loading solid wastes and adding chemicals. 

Utilities distribution .- Whenever practicable and where permitted, utility 
distribution will be accomplished underground via common trenches. 

BASELINE MIUS DESIGN 

As indicated previously, the most detailed MIUS designs were rendered for 
the 496- and the 992-unit apartment complexes. The designs, documented in 
reference 1, are summarized in this section. , 


Architectural Plan 

The model for these complexes was derived by a team of architects working 
under NASA contract. This team conducted surveys in different regions of the 
country and, from them, developed a model that was representative of a viable 
project. 

The site plan for the 496-unit complex is illustrated in figure 1, Figure 

2 is an architectural rendering that shows the MIUS plant in relation to the 
surrounding apartment complex. The site covers an area of 45 325 square meters 
(11,2 acres) and Includes one 10-story high rise building and nineteen 3-story 
garden-apartment buildings of two types - — one type intended for families and 
the other type for adults only. (Additional detail concerning the buildings 

is contained in ref, 1.) To obtain the 992-unit complex parameters, the site 
plan was doubled. 

Because of the effects of weather on heating and air-conditioning demands, 
a median-climate location within the continental United States (i.e., 

Washington, D.C.) was selected for the model. Weather data from this city 
were used to model the structure, the characteristics, and the typical utility 
usages of site buildings, and a computer analysis was performed for the follow- 
ing utility loads: electrical power, heating and air-conditioning, solid waste, 

and water usages. From these data, an integrated system was designed* Figure 

3 is an illustrated overview of the baseline MIUS system. 
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System Overview 


The system uses diesel generators to produce electricity and- incinerators 
to dispose of solid wastes. Both processes produce steam as a byproduct, 
which may be used in three ways; (1) to heat a domestic hot-water loop; (2) 
to supply heat for space heating as required via a hot-water loop; and (3) to 
provide energy for an absorption chiller. The domestic hot-water loop is pre- 
heated for the recovered steam by a lower grade of heat recovered from the 
engine lubricating oil. The absorption chiller is supplemented by a compressed 
chiller to provide chilled water for space cooling. Unused steam is rejected 
to a cooling tower, which also provides heat-rejection capabilities for the 
chillers and for the hot-water loop. Provision is made to store thermal energy 
from the chilled- and hot-water loops in a water tank. The principal effect 
of this storage is to allow a reduction of the peak electrical load required 
for compression cooling and, thereby, to reduce the demand for power-generating 
equipment, (The thermal storage technique used is presented in the appendix.) 

As discussed in reference 1, the system treats potable water by conven- 
tional means; that is, by chemical clarification, filtration, and chlorination. 
Sewage is treated by using a biological system supplemented by a tertiary 
physical-chemical system. Sludge is transferred to the Incinerator for dis- 
posal. The treated wastewater is stored in a holding tank and used in the 
cooling tower for heat rejection and blowdown, for makeup and blowdown in other 
MIUS processes, for fire protection, and for irrigation of the apartment- 
complex grounds. Excess tertiary-treated wastewater is discharged to a 
conventionally treated wastewater outfall. 

Comparisons were made of the consumables usage of the MIUS and that of 
typical conventional systems and services. The results of the comparison are 
summarized in figure 4. The conventional systems and services were developed 
specifically for comparison with MIUS concepts in the community study, (These 
comparisons are described in detail in appendix E of ref. 2.) The water saving 
indicated in figure 4 results from the use of treated wastewater in the cooling 
tower and in grounds irrigation. The solid-waste weight reduction for offsite 
disposal results from onsite incineration. An efficiency ratio of 3.326 208 
J/J (11 360 Btu/kWh) , including transmission and distribution losses, was 
assumed for conventional power delivered. 

The 992-unit complex showed an increase in energy savings from 30 to 32 
percent over the 496-unit complex. Costs for providing the MIUS utility con- 
cept rather than a conventional one compared more favorably for the 992-unit 
apartment complex than for the 496-unit apartment complex, for which the com- 
parative costs appeared to be approximately the same over a 20-year period. 

The effects of various weather conditions on MIUS design were compared and 
evaluated. Specifically, the effects of the cold, dry weather of Minneapolis, 
Minnesota, were compared with the hot, wet climate of Houston, Texas, and with 
the hot, dry climatic conditions of Las Vegas, Nevada. These comparisons were 
used in evaluating the design of the MIUS 496-unit apartment complex. No sig- 
nificant changes in the MIUS were required for the complex because of the 
variations in weather. The amount of energy saved, when compared with a con- 
ventional system, increased slightly with latitude because of the more 
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effective utilization of recovered heat in winter. However, the energy savings 
amounted to less than a 2~percent increase between Houston and Minneapolis, 

Some cost differences were attributed to local cost indexes, but all costs were 
comparable to conventional utility costs. 

DESIGN APPROACH 


This section is a discussion of the general approach used to design an 
MIUS, The discussion applies only to preliminary or conceptual work rather 
than to specific detailed hardware design such as piping layout, pumps, tanks, 
and so forth. The typical features of an MIUS are reviewed first, and a sum- 
mary of the general design procedure follows. 

Electrical power must be generated and distributed to satisfy various 
building equipment and occupant electrical demands and to power ancillary 
MIUS equipment such as pumps, cooling towers, and so forth. Heat recovered 
from the prime mover exhaust, the water jacket, and the oil cooler is added to 
the heat recovered from waste incineration. This recovered heat is used first 
for domestic hot water and then for space heating as required. Additional 
heat recovered at a sufficient temperature level is used for absorption cooling 
to satisfy air-conditioning requirements when needed. If the amount of cooling 
available from recovered heat is Insufficient, electrically driven compression 
cooling is used to satisfy the remaining cooling load. As the electrical load 
on the prime mover is increased to drive the compression chiller, the additional 
waste heat is used to provide additional absorption cooling. A boiler is used 
to satisfy any space-heating or hot-water requirement that cannot be met using 
recovered heat. However, a boiler is never used to satisfy a cooling load. 

A wastewater-treatment facility is integrated with other equipment to 
provide treated water for heat rejection in wet cooling towers and to supply 
other process makeup water for the MIUS plant. Potable-water treatment is 
optional and may be included depending on requirements at the specific site. 

Several options are available to tailor an MIUS for specific applications 
and load profiles. For example, incinerator-operation profiles and capacity 
can be adjusted to provide waste heat during peak-demand periods. The size and 
type of the prime mover can be varied to optimize reliability and fuel effi- 
ciency. Storage provisions for hot and chilled water can be added to reduce 
electrical generating capacity and to improve heat utilization. For most MIUS 
applications, boilers can be eliminated either by using thermal storage equip- 
ment or by intermittently firing the incinerator without solid waste, 

DESIGN TECHNIQUES OVERVIEW 

The first step in MIUS design is to analyze utility loads and the popula- 
tion of the buildings to be serviced. Electrical-power loads, solid-waste 
production, and water demands are estimated as a function of residential, 
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commercial, or other uses. Occupancy rates and other population-dependent 
parameters, such as family versus adult-only living requirements or the age 
range and affluence of the occupants, are considered. The building structure 
is modeled and weather information is gathered for the specific location: 
these data are input to a computer program, which develops heating and cooling 
loads and determines the amounts of energy required by the MIUS, Simultaneous- 
ly, loads are determined for conventional systems, which neither recover heat 
from electrical-power generation, incinerate solid waste, nor recycle water. 

The results of these computer analyses allow the completion of an MIUS design. 
Capital and operating costs for the MIUS are then determined and compared with 
the costs of conventional utilities. 

Loads Development 

As indicated in the previous paragraph, loads are developed based on 
computer analyses of various system elements. These analyses will be described 
subsequently in more detail. 

Electrical loads .- Electrical loads are developed for each building to be 
served by the MIUS, Loads development is based on published information, such 
as that found in references 3 and 4. Profiles consist of hour-by-hour demand 
in joules (kilowatts), which are compiled in two parts. The first part in- 
cludes loads in environmentally conditioned spaces that affect heating and 
cooling loads in the buildings served. For example, in an apartment building, 
these loads would include lighting, small appliances, air-handling motors, 
refrigerators, electric ranges, and so forth. The second part of the profile 
includes the auxiliary loads that consume electricity but do not affect heat- 
ing and cooling loads. The principal contributor in this regard is the equip- 
ment associated with the MIUS plant; that is, items such as compression chil- 
lers, hot- and chilled-water pumps, and pumps used in the water-treatment sub- 
system. 

Solid waste .- The generation of solid waste is estimated for each build- 
ing based on published reports, such as references 5 and 6. The quantity of 
solid waste and the energy content varies with the building use. 

Water usage .- Potable-water demands also are determined from published 
surveys made by industrial associations, private and governmental research 
organizations, and other agencies. Typical data sources are cited in references 
7 and 8. Parameters that affect potable-water consumption are property valua- 
tion and location; user education, occupation, and age; and number of occupants 
per dwelling unit. For a residential unit, water usage includes domestic de- 
mands such as kitchen, laundry, bath, and toilet and exterior demands such as 
swimming pools, lawn irrigation, and automobile washing. Average daily demands 
and hour-by-hour profiles are developed separately for hot and cold water. 
Outdoor water usage varies, of course, with the seasons, which necessitates 
averaging profiles for each of the four seasons. 

The wastewater subsystem loads are Identical to the potable-water loads 
with the exception of exterior-load demands. However, the wastewater subsys- 
tem must treat MIUS blowdown loads, particularly those from the heat-rejection 
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system. Treated wastewater is used for Irrigation; MlUS-process water (espe- 
cially that used in heat rejection) can be used for fire protection. Fire 
protection water storage is based on the requirements set forth in reference 
9, the National Board of Fire Underwriters Handbook. Heat-rejection require- 
ments are determined by the MIUS design. Irrigation requirements vary with 
site and climate. 

Heating and cooling .- Heating and cooling loads are determined by computer 
analysis, which will be described later. The basic inputs to this determina- 
tion are derived from building modeling and local weather profiles. The prin- 
cipal factors involved in building modeling include heat-transfer coefficients 
and areas of the roof, walls, and windows; Indoor environmental design condi- 
tions; building location and orientation; ventilation and ini'lltration criteria; 
occupancy profiles; domestic hot-water requirements; and electrical-load pro- 
files. As a result of these analyses, hour-by-hour heating and cooling loads 
are obtained for average days in the four seasons, and maximum loads are deter- 
mined for design peak winter and summer days. 


Equipment Selection 

As indicated previously, a HUD-imposed ground rule restricted the MIUS to 
currently available hardware. 

Electrical equipment .- Specific prime movers can be selected before com- 
puter analysis or a series of candidate prime movers may be specified, in which 
case the computer will select the engine using the least energy. Generally, 
engines are selected that will provide high reliability and meet the peak 
electrical requirements. The number and size of prime movers are selected so 
that good load efficiency is maintained. To assure reliability, backup and 
standby prime movers are required also. 

Solid-waste equipment .- The selection of an incinerator is based on the 
amount of solid waste generated, on the amount of sludge anticipated from 
wastewater loads, on the desired number of operating hours per day, and on the 
number of operating days desired per week (usually 6 or 7 days). It is gener- 
ally practical to schedule burning periods to coincide with the greatest (peak) 
demand for recovered heat from the utility system; however, such scheduling is 
not necessary with a thermal storage system. 

Water-treatment equipment .- Essentially no differences exist in the selec- 
tion of water-treatment equipment for the MIUS except for size constraints. 
Plants are designed for capacities 130 percent of the average annual demand. 

This factor was determined from the results of surveys conducted and published 
by governmental and industrial agencies. 

Heating and cooling .- The number and size of chillers, cooling towers, and 
boilers are determined by computer analysis as discussed in the following sec- 
tions. 
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MIUS Design Procedure 

The overall MIUS design procedure is illustrated in figure 5* The initial 
step is facility model definition, which is derived from the architectural de- 
sign of the facility. From this model, the buildings are characterized in 
terms of U-values, area, orientation, occupancy profiles, ventilation rates, 
and so forth, A preliminary estimate is made of system loads, such as solid- 
waste quantity and type, domestic and auxiliary ilectrical loads, and other 
factors. These preliminary loads and building characterization data are input 
with design weather data into the Energy System Optimization Program (ESOP) for 
analysis to determine peak loads and equipment requirements. The ESOP design 
analysis provides the information required to select MIUS equipment and to re- 
fine system loads. Another ESOP analysis is then performed using the updated 
equipment-selection Information and mean-weather data to obtain seasonal and 
annual system-performance information. Performance analyses and energy balances 
are performed; and, if required, equipment selection is updated again to opti- 
mize annual performance. Competitive system configurations can be evaluated 
further on the basis of economic considerations. 

The primary purpose of thermal storage is to reduce electrical-power- 
generator capacity requirements and thereby reduce capital costs. Accordingly, 
generators are sized to satisfy peak electrical demands, not including com- 
pression air-conditioning. The excess generator capacity during offpeak 
periods is used to produce chilled water for use during peak periods (appendix) . 
During the space-heating season, excess hot water is stored in the same tank 
for later use. The storage tank is sized according to cooling-storage require- 
ments. Several iterations using design and mean-weather data often are required 
to size the storage facilities, the HVAC equipment, and the prime movers 
accurately and to provide meaningful annual energy-consumption estimates. 


ESOP Description 

The ESOP, described in detail in reference 10, consists primarily of sub- 
routines that model and Integrate each of the MIUS subsystems and subroutines 
to predict HVAC and water system loads. The program is divided into five 
general analytical components in addition to input/output components, as illus- 
trated in figure 6, 

Solid-waste disposal .- The waste-disposal-calculation component predicts 
the daily total energy required to operate a specific waste-disposal system 
(that is, a system for a given trash load) and the daily quantity of usable 
waste heat recoverable from the particular disposal process. 

HVAC loads .- The HVAC- loads component predicts the hourly heating and 
cooling loads of the buildings to be serviced by the MIUS as a function of 
indoor and outdoor environmental conditions, solar effects, building construc- 
tion and geometry, domestic electric-power profiles, and occupancy profiles. 
Loads are calculated for each building and totaled for an entire complex to 
obtain 24-hour load profiles for a mean day in each seasons 
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Energy requirements .- The energy-requirements component determines the 
hourly, dally, seasonal, and annual energy requirements for the MIUS complex. 
Load information from the HVAC-loads component, heat -recovery and fuel- 
requirement data from the solid-waste component, and waste-heat data from the 
power-generation component are used to determine energy utilization and re- 
quirements for HVAC— related equipment, such as boilers, cooling towers, and so 
forth. Thermal storage is an optional feature in this component. 

Power generation .- The power— generation component calculates the energy 
requirements of specific prime-mover systems to provide electrical power, as 
defined by the energy-requirements component. The power-generation component 
also defines the amount and type of waste heat available from the prime-mover 
system for the energy-requirements component. These two components are inter- 
faced because of the electrical-power demands of the compression air- 
conditioning that is needed to supplement the absorption air-conditioning 
(which is provided with recovered heat) . 

Conventional utility system .- The conventional-utility-system component of 
the program calculates the energy required by a conventional commercial utility 
system to provide the same services as the MIUS. The conventional system 
modeled in the program consists of a central power-generation facility, all 
compression air-conditioning components, and a gas-fired boiler for space heat- 
ing and hot-water heating. 


Computer Input and Output Summary 

The ESOP basically consists of a loads component and an energy-analysis 
component. The inputs to the loads component consist of data related primar- 
ily to building and environmental parameters, whereas the inputs to the energy 
analysis component contain data related primarily to MIUS equipment and to 
outputs from the loads component. The input data can be categorized as follows. 

Loads-analysis data .- The loads-analysis data can be subcategorized into 
building characterization, water-loads analysis, and envlrcnraental parameters. 

Building characterization Includes such data requirements as (1) U-values 
for walls, roof, and glass; (2) glass-type factors (for solar admittance into 
building); (3) wall, roof, and glass areas; (4) occupancy profiles; (5) domes- 
tic electricity profiles (inside the conditioned area) ; (6) auxiliary electric- 
ity profiles (outside the conditioned area) ; (7) ventilation rates; and (8) 
design interior temperature and enthalpy profiles. 

Water-loads analyses include data concerning the number of occupants per 
building and the type of building under consideration. 

Environmental parameters consist of (1) hourly profiles of the outside 
dry-bulb temperature, (2) site latitude and longitude, (3) building orienta- 
tion, (4) atmospheric clearness index, and (5) outside air enthalpy profiles. 
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Energy-analysis data .- Inputs to the energy-analysis component involving 
MIUS equipment include electrical-power-generation capacity, water and energy 
uses, and energy analyses. 

Electrical-power generation includes (1) generator-rated capacity; (2) 
engine-rated capacity; (3) fuel heating values; (4) fuel-load curves (for oil 
coolers, water jacket, and exhaust Jacket) ; (5) waste-heat-load curves; and 
(6) steam cycle data, if required. 

Water and energy uses are considered separately for heat excesses of 405 
K (240® F), of 350 K (170® F), and of 311 K (100® F), as well as for waste- 
water effluent. 

Energy analyses are considered in terms of solid-waste data and HVAC data. 
Solid-waste data include solid-waste contents and amounts, heat value of solid 
waste, fuel requirements, waste-heat-use profiles, and heat-recovery efficiency 

The HVAC data are concerned with boiler efficiency, absorption/ compression 
split, coefficient-of -performance profiles for absorption and compression 
chillers, heat-rejection water requirements, and thermal storage. 

Output data also are suiranarized for the loads- and the energy-analysis 
components. System loads are provided automatically from the loads component 
to the energy-analysis component during one execution of the program. Detailed 
loads output is provided hourly by the program for each building type as are 
the totals for the entire facility. Output from the energy-analysis component 
is provided hourly for 1 mean day per season and totaled for each season. 

These output data basically indicate fuel requirements and provide a detailed 
accounting of all energy flows. 

Output data for loads analysis and the energy analysis can be summarized 
as follows. 

Loads-output analysis .- The loads-output analysis includes the hourly 
heat gain from walls, roof, windows, ventilation, hot water, electricity, and 
other sources; the total hourly space-heating demand; the total hourly air- 
conditioning demand; all power, potable-water, and hot-water requirements; and 
totals of these requirements for the entire facility served by the MIUS. 

Energy-output analysis .- The energy-output analysis Includes all generator 
data, such as engine output, fuel consumption, thermal efficiency, generator 
output* and so forth; the number of generators required; the waste heat avail- 
able and its sources; and all boiler heat and fuel. The analysis becomes quite 
complex because it involves such considerations as the amounts of absorption 
and compression air-conditioning, the waste heat not used at each of the three 
temperature levels (405, 350, and 311 K), the waste heat actually used at the 
three temperature levels, and the waste-heat and wastewater requirements that 
have not been met. Thermal storage must be taken into account as well as 
cooling tower requirements and the amount of wastewater available for reuse. 
Solid-waste disposal costs and effluent and the seasonal and annual fuel- 
consumption rates finally form a basis for comparison of the MIUS and a 
Conventional system. 



Energy requirements are analyzed and consumables usage is measured pri- 
marily with the ESOP. First, the ESOP is used to determine peak equipment 
loads for equipment sizing. Analysis is performed for summer and winter sea- 
sons using hourly weather data that represent two standard deviations (above 
and below the mean) . January is considered representative of the winter sea- 
son, and July weather data are used for the summer season. After the design 
loads are determined, preliminary prime mover selections are made and used for 
subsequent energy analyses using mean-weather data. Mean-weather data for the 
months of January, April, July, and October are used to analyze weather for the 
winter, spring, summer, and fall seasons, respectively. 

Two formats have been developed to present the MIUS energy and consumables 
data. The first format (fig. 4) presents comparative summaries of annual 
energy requirements, water consumption, wastewater, and solid-waste effluents 
for the MIUS and the conventional system as applied to the 496-unit apartment 
complex in Washington, D.C, 

The second format (figs, 7 and 8) presents more detailed comparative 
energy— analysis data of the same apartment complex and is actually an energy- 
use flow chart that shows the sources and uses of all the energy consumed by 
the two types of utility systems on a seasonal and an annual basis. Figure 7 
shows the total annual results for the baseline MIUS illustrated in figure 4, 
Comparable results for the conventional system, which provides the same services 
as the MIUS, are shown in figure 8. Data also can be presented for each of the 
seasons. Energy Inputs in figures 7 and 8 are shown on the extreme left, and 
values are shown that represent the heat value (in joules and in Btu's) of the 
fuels and solid wastes enterlr>g the systems. In all cases, the term "fuel" 
refers to a purchased fuel. Losses are shown to include the heat content of 
exhaust gases in addition to distribution losses. Two vertical lines near the 
center of the charts represent waste-heat loops at the various temperatures 
shown. Services provided by the systems are shown to the right of the vertical 
lines. For each service, the required amount of waste heat or electricity and 
the quantity of the service provided to the facility are indicated. Thermal 
storage does not appear on the flow charts because it has an insignificant 
effect on fuel consumption and such data would be meaningful only on an hourly 
basis inasmuch as the primary benefit of thermal storage is to reduce daily 
peak demands (appendix). 

The heat rejected by the air-conditioning condensers and the water 
required by the cooling towers are indicated on the charts. The unused re- 
coverable heat, the thermal efficiency, and the percentage of waste heat used 
are shown at the bottom of the charts. Thermal efficiency is the summation 
of the heat value of all the services provided divided by the heat value of the 
purchased fuel. 

It should be noted that solid waste in the conventional system was not 
considered and that nowhere in the analysis is energy required for eventual 
disposal of incineration residue. Such a requirement is considered beyond the 
scope of preliminary design analysis because residue disposal is site-dependent 
and, therefore, external to the MIUS design. 
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COSTS 


After design and energy analyses are completed, costs for the MIUS and a 
conventional system are compiled and compared. References 1 and 2 describe 
the costing tasks in detail; but, because some of the methods used can become 
tedious and complex, an overview is presented that describes major approaches 
to the costing activity. 

MIUS Costs 

The MIUS costing has been divided into the following seven major cost 
elements; electrical power, water supply, wastewater collection and treatment, 
HVAC (including domestic hot water), solid-waste collection and incineration, 
and miscellaneous costs, such as controls and housing, which relate to more 
than one functional area. A crew for the entire system is costed separately. 
For each element category, with the exception of the operating crew, cost estl^ 
mates are made in terms of initial capital costs, annual operating costs, and 
annual maintenance costs, as appropriate. The operating crew Includes skilled, 
semiskilled, and service workers, and the cost is estimated accordingly. A 
cost data base for the major cost elements was developed in terms of several 
groups, or subelements. A discussion of these major cost elements and subele- 
ments is provided in the following paragraphs. An example of the cost data 
base for the engine-generator sets and peripheral equipment is also provided. 

It should be noted that costs are somewhat location-dependent and that a 
method was devised that took this variation into account. Costs were developed 
using Chicago as a reference base. Labor and materials costs for a specific 
location were then related to Chicago costs using cost indexes developed from 
references 11 to 13. Fuel costs were found to vary and an index was developed 
for fuel from data published in The Oil and Gas Journal and Platts Oilgram. 
Typical indexes are shown in table I. 

Electrical power .- The first major cost element discussed is electrical 
power. The electrical-power data base was developed in terms of the following 
groupings of costs. 

Group 1: Engine-generator sets with local controls; heat-recovery equip- 

ment; interconnected water, steam, and lubricating oil piping; primary switch- 
gear and transformers; wiring; a day fuel tank; installation of the listed 
equipment; warranties; manuals; and initial lubricating oil for the engines. 

An example of the cost data base for this group is Illustrated in figure 9. 

Group 2: A standby engine-generator set without heat recovery and having 

a minimum of accessories. 

Group 3; Underground fuel-storage tanks with all the pumps and plumbing 
required for connection to the day tank, the incinerator, and the boiler. 
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Group A; Underground electrical distribution to the serviced buildings 
Including transformers and switchgear. Depending on the site requirements, 
metering costs were included or omitted. Building wiring Is not included in 
these costs, and trenching costs for the wiring are Included under "Miscellane- 
ous costs," 

Group 5: The operation and maintenance (O&M) costs, which Include fuel, 

lubricating oil, engine repair, miscellaneous supplies, and purchased main- 
tenance. The O&M labor costs are not included here but are listed under "Oper- 
ating crew." 

Water supply .- Water-supply costs are optional and depend on the MIUS site 
requirements. The data base for this equipment was developed in terms of the 
following groupings of costs. 

Group 1: A pumping station at the water-supply source (a river, lake, or 

well). Associated equipment includes housing, plumbing, redundant pumps, and. 
electrical equipment. 

Group 2: A pipeline and right-of-way from the water-supply source to the 

MIUS site. 

Group 3; A treatment plant that includes equipment necessary to bring 
water to 1962 U.S. Public Health Service standards for drinking water. 

Group 4: Elevated storage with pumps or ground storage with continuously 

operating distribution pumps. 

Group 5: Local distribution to the serviced buildings. Costs Include 

all piping and installation, but trenching is not included. 

Group 6; Fireplugs where fire protection is provided for the potable- 
water supply system. 

Group 7: The O&M costs for water supply, which are chemicals, purchased 

maintenance, and replacement supplies. The O&M labor is included under "Oper- 
ating crew." 

Wastewater collection and treatment .- The wastewater collection and treat- 
ment cost data base was considered in terms of the following groups of costs. 

Group 1: Collection equipment, including piping (but not trenching) , lift 

stations, and manholes.. 

Group 2: Primary and secondary treatment plant costs including raw waste- 

water pumping; sediment tankage; flow-equalization tankage; rotating disk equip- 
ment; a secondary clarifier; and miscellaneous tankage, pumping, and plumbing 
(including sludge transfer). 

Group 3: Tertiary-treatment equipment , which includes advanced physical- 

chemical treatment equipment, pumps, tankage, vacuum-filter equipment, and 
sludge- transfer equipment. 
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Group 4: Right-of-way and outfall development costs. 

Group 5: Fire protection, when not included with the potable-water sys- 

tem equipment. Equipment will include tankage, pumps, piping, fireplugs, and 
interconnect plumbing. 

Group 6: The O&M costs for wastewater collection equipment, which include 

chemicals, maintenance supplies, and purchased maintenance, 

HVAC (including domestic hot water) ,- Domestic hot-water ,equipro,ent was 
included in the HVAC cost element because recovered thermal energy is used in 
both applications; in some conceptual designs, the thermal-energy distribution 
piping for space heating and domestic hot water is common. The HVAC and 
domestic hot-water cost data base was developed in terms of the following 
groups of costs. 

Group 1: Absorption and compression water chillers. 

Group 2: Low-pressure steam boilers. 

Group 3; Cooling towers. 

Group 4: Redundant chilled-water distribution pumps. 

Group 5: Redundant hot-water distribution pumps. 

Group 6: A thermal-storage tank. 

Group 7: Thermal-storage pumps. 

Group 8; Interconnect plumbing, valves, and heat exchangers within the 
MIUS buildings. 

Group 9: Hot- and chilled-water distribution from the MIUS building to 

the serviced buildings. 

Group 10: The O&M costs, which include fuel, purchased maintenance, and 

miscellaneous supplies. 

Solid waste .- A cost data base for solid waste was developed in terms of 
the following cost groups, ’ 4 . 

Group 1: Incinerators with heat-recovery boilers, Interconnect steam and 

water plumbing, loading and ash-removal equipment, and other accessory equip- 
ment. 

Group 2: Collection equipment. 

Group 3: The O&M costs, which include fuel, purchased maintenance, mis- 

cellaneous supplies, and costs for offsite disposal of incinerator residue. 
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Mlscfillaneous costs .- This category includes costs that apply to more than 
one functional area of the MIUS and are analogous to what is termed "general 
plant costs" of an electric utility having a generating plant, a transmission 
system, and a distribution system, A cost data base was determined for this 
element in terms of the following cost groups. 

Group 1; Control equipment. The conceptual MIUS designs developed in- 
cluded a control and data display for the entire MIUS, 


Group 

2: 

The MIUS building. 

Group 

3: 

Tools. 

t 

Grou’l) 

4: 

Land costs. 

Group 

5: 

Trenching costs. 

Group 

6: 

The initial fuel load. 


MIUS operation crew .- A cost data base for the MIUS operating crew was 
developed in terms of one small staff of qualified personnel, which would in- 
clude one engineer and a selected number of semiskilled employees and service 
workers. 


Cost (Initial) Data Base 

Figure 9 provides an illustration of the cost (initial) data base devel- 
oped for the MIUS studies. Costs are shown as a function of capacity for two 
types of engines: an opposed-piston, two-cycle diesel unit and an in-line 

(or "V") piston, four-cycle diesel unit. The two top curves in the illustra- 
tion include all costs in "Group 1" under "Electrical power," The bottom curve 
represents cost data for engine-generator sets only. The top curves were 
developed from several cost data sources. For these two top curves, costs for 
peripheral equipment were based on a system having a minimum of three engine- 
generator sets with heat recovery. Although these data were given for oil- 
fired fuel engines, estimates may also be developed for gas-fired engines in 
locations where natural gas is available. The primary differences between the 
two engine types would be reduced engine fuel efficiency and elimination of 
diesel fuel tankage. 

Data similar to those used in the initial costing of engine-generator sets 
must be obtained for all elements of the MIUS and then compiled for a particu- 
lar design. The initial materials and labor costs do not represent the total 
initial outlay for an MIUS. Design costs, architectural fees, general con- 
tractor costs, overhead, and profit will add an additional 30 to 60 percent to 
the initial cost of an MIUS Installation. Typical values used for these esti- 
mates were based on data found in references 11 to 13 and are 19.2 percent of 
the base cost of materials and labor for general contractor profit and overhead 
this estimate includes 7, 5 percent for architectural fees for the MIUS build- 
ing and 10 percent for the cost of materials and labor for engineering. Once 
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an MIUS is operational, there are additional expenses; operating funds, prop- 
erty taxes, and insurance costs must be Included. Financing costs and/or re- 
turn on Invested capital further add to the continuing cost analysis of an 
MIUS. 


Conventional Systems and Services Costs 

For purposes of cost analysis, the conventional system has also been 
divided Into major cost elements; electrical power, water supply, wastewater 
collection and treatment, HVAC (Including domestic hot water), solid waste 
collection and Incineration, miscellaneous costs, and operating crew. For 
each element, estimates include, as applicable, initial charges for providing 
the service at the site, annual rates and taxes based on monthly utility usages 
as determined in the design analyses, and annual O&M costs not included in the 
other rates. ^ 

The following costs may be incurred within the above elements. 

Electrical power cost may Include powerlines, underground distribution 
costs, transformer stations, initial assessment charges, initial connection 
charges, and miscellaneous costs. 

Water supply costs Include supply lines, an elevated storage tank, a 
water-treatment plant, initial assessment charges, initial connection charges, 
and distribution costs. 

The costs incurred in wastewater collection and treatment include trunk- 
lines, a treatment plant, collection equipment, lift stations, outfall provi- 
sions, and initial assessment and connection charges. 

There is typically no initial outlay required for obtaining solid-waste 
disposal service. 

The HVAC services are costed essentially in the same manner as for an 

MIUS. 


SIMPLIFYING PROCEDURES 

To facilitate rapid analysis of a wide variety of sites for MIUS applica- 
bility, a procedure was devised that allows for simplifying the site character- 
istics, performing the computer analysis, and defining the general character- 
istics of an MIUS to serve the site. These characteristics include the major 
pieces of equipment, energy and water utilization, and the cost. 

The capability to analyze a number of sites rapidly was facilitated by 
standardizing much of the data used in the analysis. The following list of 
computer input items was standardized with constant values. 
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1. Heating value of solid-waste material 

2. Percentage of moisture in solid waste 

3. Percentage of noncombustibles in solid waste 

A. Incinerator supplementary fuel rate 

5. Incinerator startup fuel requirement 

6. Heating value of incinerator supplementary fuel 

7. Solid-waste generation per person 

8. Hours of incinerator operation 

9. Boiler efficiency 

10, Percentage of air-conditioning provided by absorption in a fixed- 

ratio system 

11, Heating value for prime mover fuel and boiler fuel 

12, Coefficient of performance for absorption air-conditioning 

13, Coefficient of performance for compression air-conditioning 

14, Profile (24 hour) of cooling tower water-temperature differential 

15, Cooling tower evaporation loss 

16, Cooling tower drift loss 

17, Cooling tower blowdown loss 

18, Temperature of domestic hot water 

19, Temperature of water supply 

Engine-generator data were developed for some selected engines in the 
form shown in figure 10, The buildings most applicable to projects envisioned 
for MIUS residential facilities were standardized as typical buildings that 
could be used in a variety of combinations. Figures 11 and 12 are typical of 
the information obtained for one such combination - — a garden apartment occu- 
pied by single adults. Finally, weather data were assembled for 12 locations 
in the continental United States, In addition to the standardized data, in- 
formation such as that on the typical form shown in figure 13 is required as 
input data to the computer program. The form specifies the site location; 
engine type; solid-waste-disposal data; thermal storage instructions, if ap- 
plicable; and the complement of building types. The factors Indicated allow 
the buildings to be scaled to the size desired. The results of the computer 
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analysis are recorded as shown in figures 14 and 15 . Figure 14 Indicates loads, 
and figure 15 is a consumables comparison with a conventional system. 

The computer program can automatically determine loads and consumables 
usage for a conventional system that consists. of off-site power generation and 
a central heating and air-conditioning plant using boilers and compression 
chillers. If some other conventional configuration for heating and cooling 
is desired, the program output provides sufficient information to determine 
its characteristics. 

To perform costing, data such as those Illustrated in figure 16 are gath- 
ered. The results of the costing are recorded as shown in figures 17 and 18, 

The MIUS and conventional systems costs then can be compared on a form similar 
to that shown in figure 19. Figure 20 shows a typical schedule for this type 
of rapid analysis. It is, of course, possible to analyze more than one proj- 
ect simultaneously by staggering them. 

COMMENTS ON MIUS APPLICABILITY 


The simplifying type of analysis described in the preceding section was 
performed for several residential project concepts. This section elaborates 
on certain general conclusions drawn from these analyses as they might affect 
MIUS applicability. The principal items of interest are the amount of energy 
the MIUS saves over a conventional system and the relative costs of the MIUS 
and conventional systems. 

The amount of energy saved is a function of a few factors relative both 
to the MIUS and to the conventional system. For the MIUS, the principal fac- 
tor is the amount of otherwise wasted heat energy that can be recovered and 
used; a few specific concerns dictate this amount. First, the quantity of 
usable heat is a function of the degree to which the site buildings are amen- 
able to a central hot- and chilled-water system, and this amenability depends 
principally on the dwelling-unit density. For example, if the density is low, 
such as in a development of single-family dwellings, the cost of providing 
central service is prohibitive; whereas, in a high rise apartment building, 
such a central system is a cost-effective approach. The heat requirement then 
must be considered. During midsummer, virtually all parts of the United States 
require sufficient cooling to use the heat for absorption chillers. However, 
during the winter, the usable fraction of heat generated by the engines and 
the incinerator is proportional to the coldness of the climate; that is, this 
heat can be used more effectively in northern locations. 

The MIUS energy is also a function of apartpaent-complex size in that 
larger engines are generally more efficient in the larger complexes. However, 
a balancing point exists at which, for large complexes, the cost of distribut- 
ing hot and chilled water would become a detriment. 

The energy that the MIUS saves over the conventional system is, of course, 
also dependent on the particular conventional system selected. The main 
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considerations are the efficiency of the power-generation and transmission 
system and the type of heating and cooling systems selected. For example, 
central boilers are more efficient than strip heaters, and central cooling 
systems are more efficient than individual units. Heat pumps may be more ef- 
fective than either concept. 

Several factors are Illustrated by the following examples, A project that 
consisted of approximately 100 single-family dwellings, 50 apartments, and a 
small commercial area was found to have an approximate 15-percent energy sav- 
ings when compared with a conventional system. This comparison was based on 
the assumption that individual heat pumps would be used in the single-family 
dwellings of the MIUS and the conventional systems. For the conventional sys- 
tem, a central boiler and compression chillers would be used for the apartments 
and the commercial area. For another project, a complex of 750 apartments and 
townhouses, all of which were assumed to be on a central heating and cooling 
loop, the energy savings was found to be more than 30 percent. The dwelling- 
unit density of the latter project was approximately 3 to 4 times as great as 
that of the former project. 

The effect of different conventional systems on energy savings is signi- 
ficant, It was calculated that a project of 500 townhouses would realize an 
energy savings of 32 percent if a conventional central boiler and a compression 
cooling system were assumed; whereas, if conventional all-electric individual 
units were used, the energy savings would amount to approximately 42 percent. 

Cost comparisons are a function of several variables. For an MITTS, prob- 
ably the most significant variable is the distribution of hot and chilled 
water. As mentioned previously, the cost of such distribution for an MIUS in 
a low-density project can become prohibitive. For conventional systems, the 
principal variables are those associated with rate structures for electricity, 
water, and solid-waste disposal. These variables are highly dependent upon 
location and can make the difference between a cost-effective or a cost- 
prohibitive MIUS. 

Significant cost-comparison effects can also be achieved by adding or 
removing water-treatment facilities. Generally, it is not economical for the 
MIUS to process potable water and provide fire protection water because the 
cost of these capabilities is significantly greater when applied on a relative- 
ly small scale rather than on a typical municipal scale, and municipal water 
is usually available. Additionally, the cost of treating wastewater may be 
greater for the MIUS depending on the quality of the treatment. It is Intended 
that MIUS wastewater receive tertiary treatment, whereas most treatment plants 
currently provide only secondary treatment. The economy of scale works against 
the MIUS in wastewater treatment as illustrated in appendix E of reference 2, 

Another significant effect on cost is the operating personnel. Ideally, 
the MIUS must be designed to operate with as few personnel as possible. The 
greater capital cost of the MIUS must be offset by reduced operating costs. 

This counterbalance is achieved somewhat by reductions in fuel, but it must not 
be lost by requiring large numbers of operators. A noteworthy factor in ana- 
lyzing costs is the ability to project future costs reasonably. Because the 
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MIUS concept uses less fuel but requires more capital Investment per service 
than a conventional system, projecting costs is particularly significant in 
that the attractiveness of the MITJS concept is enhanced when the cost of fuel 
increases rapidly enough to offset the initial higher cost of capital equip- 
ment. However likely this expectation may be, uncertainties still exist in 
cost projections which add a degree of indefiniteness in a long-term economic 
assessment of an MIUS installation. In any event, the MIUS must pay for itself 
in reduced operating costs. 


ADDITIONAL CONSIDERATIONS 


Fuels and heat pumps are basic considerations that can add to or detract 
from the cost-effectiveness and the energy savings of the MIUS concept. 


Fuels ' 

The MIUS, as envisioned in the HUD project, is based upon the use of 
internal-combustion engines, which must use either fuel oil or natural gas — 
both of which are diminishing resources. Therefore, although the MIUS requires 
less energy, as the system has been envisioned it requires a particular energy 
source that may not help to solve the overall energy problem. This fact can 
be illustrated by data developed for a project consisting of a 725-dwelling- 
unit complex of apartments and toxnnhouses and an 18 580-square-meter (200 000- 
square foot) commercial area. This MIUS project, assumed^ to be located in the 
Washington, D.C., area, was found to save approximately 45 percent of the 
energy required for a conventional system. However, for a typical area in 
Maryland, where electrical power is produced by a combination of oil and coal 
and where natural gas is no longer available, it was found that the MIUS re- 
quired more oil than the conventional system. Furthermore, future projections 
for the area indicate that the use of oil in conventional power generation 
will diminish as nuclear power becomes more available. Consequently, the 
energy-consumption situation worsens as illustrated in figure 21. The data 
presented in this figure and in figure 22 were partially obtained from refer- 
ence 4 and partially from Boston Gas and Electric Company personnel. 

One way of improving the situation would be to import solid waste from the 
surrounding area for use as a fuel. Two possibilities exist for this concept. 
One approach is to burn the waste to produce steam for a turbine, and the 
other method is to pyrolyze the waste to produce fuel that is usable in an 
internal-combustion engine. Based on an importation estimate of approximately 
27 215 kilograms (30 tons) of solid waste per day, which was determined to be 
reasonable for the particular area under study, the turbine system would in- 
crease the fuel savings to about 55 percent, whereas the pyrolysis system would 
increase the savings to approximately 70 percent. The effect of these advanced 
techniques on oil conservation is Illustrated in figures 21 and 22. The py- 
rolysis system in particular shows an oil usage closer to conventional usage* 
Although pyrolysis is not yet a proven technique, considerable development work 
is underway, and a satisfactory technique is anticipated to be available with- 
in a few years. 
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Potential Use of Water Heat Pumps 


For the particular project discussed In the previous section, It was de- 
termined that enough recovered heat from the standard MIUS configuration was 
unused so that approximately 300-K (80°-F) water could be circulated In win- 
ter and summer to serve water heat pumps in surrounding single-family dwell- 
ings, Therefore, if conventional air-to-air heat pumps were replaced by water 
heat pumps, additional recovered heat would be available, which could reduce 
the electrical bills for surrounding houses and produce additional MIUS rev- 
enue, A reduction in electrical usage is achieved by an Increased efficiency 
of the heat pumps to a coefficient of performance of approximately 3,0. It is 
estimated that the winter electrical bill for 150 houses in the Washington, 

D,C,, area could be reduced by approximately $40 000, or $267 per house. The 
water would be circulated in the fire-water line, which would entail having an 
additional return line and an additional potable-water line. The cost of such 
a system was estimated to be $150 000 to $200 000. Considering the winter 
savings alone, this estimate indicates a payback time of 4 to 5 years, 

COMMENTS ON ADVANCED TECHNOLOGY 

As indicated previously, the MIUS design work done for the HUD was accom- 
plished under a ground rule that restricted MIUS components to currently 
available state-of-the-art equipment. This restrlcti’bn included changing con- 
ventional building practices in the facilities to be served by the MIUS. How- 
ever, with some development work, it is evident that more efficient and flex- 
ible integrated utility systems would be made feasible in a few years by re- 
moving the "state-of-the-art" constraint. 

To this end, a study of a hypothetical advanced integrated utility system 
was conducted to assess the potential of some constraint-removed techniques. 

A functional schematic of a hypothetical system is presented in figure 23 and 
is based on technology that should be available around 1980, The system was 
designed using as a model the same 992-unit apartment complex described in a 
previous section. A brief description of the system follows, which Includes 
the design approach used and a summary of some of the results. A more detailed 
description of the study is available in reference 14. 

The advanced system design uses a pyrolytic process for disposal of solid 
waste. The pyrolyzed fuel produced is used in fuel cells to generate electric- 
ity. The remainder of the required electrical power is produced in high- 
efficiency gas turbines using a closed Brayton cycle. Heat is recovered from the 
fuel cells and from the Brayton cycle engines and supplemented with heat pro- 
duced by solar collectors on apartment building roofs. Similar to the baseline 
MIUS design, the heat is then used in three ways. First, it is used to provide 
heat for domestic hot water and space heating. Second, it is used in absorption 
air-conditioning, which is supplemented by compression air-conditioning. Third, 
any unused heat is rejected to a cooling tower which, in turn, provides heat 
rejection for the chillers. Provision is made to store thermal energy for 
space heating and cooling in a water tank. As in the baseline MIUS system, 
the principal effect of such storage is to allow for a reduction of the peak 


24 



electrical loads, especially that required for compression cooling, and there- 
by for a reduction in the required electrical-generating capacity (appendix). 

The system treats potable water by conventional means and depends on a 
raw water source. It treats sewage by a physical-chemical system that simul- 
taneously aids in improving environmental quality by scrubbing the sulfur di- 
oxide and oxides of nitrogen in the plant stack gases while using sulfur di- 
oxide as a part of the wastewater-treatment process. This technique provides 
tertiary-quality water. Dewatered sludge is transferred to the pyrolysis unit 
for disposal. Similar to the baseline MIUS, a portion of the treated waste- 
water is stored in a holding tank and reused for cooling tower heat rejection 
and blowdown, for makeup and blowdown in other MIUS processes, for fire pro- 
tection, and for irrigation of the apartment complex grounds. 

The general approach used in designing the system is as follows. The 
amount of solid waste available for pyrolytic processing is determined, so that 
the amount of fuel produced for fuel-cell electrical-power generation can be 
calculated. The fuel cells then are sized accordingly, and the amount of 
electricity they can produce is subtracted from the total amount required, 
which gives an indication of the sizing required for Brayton cycle capacity. 

The amounts and temperatures of recoverable heat from both power -generation 
processes are determined. Then, the amount and temperature of the heat avail- 
able from solar collectors on the roofs of all the buildings in the complex 
are determined and added to the amount and temperature of heat recoverable from 
the other power-generation processes. The heat required for domestic hot 
water, space heating, and absorption cooling is determined for winter and sum- 
mer peak conditions and for average conditions during the four seasons of the 
year. 

Insufficient recoverable heat was available to satisfy the cooling de- 
mands of the peak and average summer conditions by using absorption air- 
conditioning alone. Consequently, the required compression cooling capacity 
was determined, and the amount of additional electricity required by the Bray- 
ton cycle was calculated. However, because of the use of thermal storage, the 
installed power-generation capacity did not have to be increased. 

The water system was designed with a considerably reduced capacity over 
conventional requirements by using low-water showers and toilets. The 
wastewater-treatment effluent was reduced further by reuse in MIUS processes 
and in irrigation. The amount of sulfur dioxide required in the wastewater- 
treatment process selected was reduced by the amount available from the stack 
gases, and ultimate disposal of the sludge was performed in the pyrolysis unit, 
which affected unit sizing. 

Architectural techniques that would conserve energy in the apartment com- 
plex were also investigated. Techniques that appear feasible include increas- 
ing the overall size of buildings (that is, reducing the surface-to-volume 
ratio), adding double-pane glass with low-inf iltration windows and doors, add- 
ing infiltration barriers in the walls, shading windows externally, and using 
fluorescent lighting. 
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Energy and water utilization was determined for the model advanced system 
and compared with (1) a typical present conventional system and (2) the base- 
line MIUS design described previously, using available off-the-shelf hardware. 
The analysis indicated that the particular advanced integrated utility system 
could conserve about 19 percent more energy than the baseline MIUS, Further- 
more, the advanced system could serve the apartment complex by using approxi- 
mately 46 percent less energy than a typical current conventional system. When 
the architectural energy-saving techniques are introduced into the apartment 
complex, it can be served with utilities that use approximately 55 to 60 per- 
cent less energy than a current conventional system without any significant 
need for change in lifestyle. The amounts of potable water required and treat- 
ed wastewater returned to the environment can be reduced by approximately 44 
and 47 percent, respectively. 

Considering the current and foreseeable uncertainties in fuel availability, 
it is noteworthy that, for the advanced system, external-combustion engines 
have a multifuel capability as does the fuel cell with appropriate preprocess- 
ing. These systems can use several forms of fossil or synthetic fuels as they 
are available. 

Although no attempt has been made to develop costs for the advanced inte- 
grated utility system, based on previous MIUS studies, the capital and main- 
tenance costs of the system will undoubtedly be high, but this initial cost 
will be offset by a combination of (1) reductions in operating cost because of 
substantially reduced fuel requirements and (2) Increases in fuel cost that 
will significantly add to the operational costs of conventional utilities and 
eventually cause these utility costs to be higher than they would be for the 
Integrated utility system. 

On the basis of this illustrative example, it was concluded that advanced 
Integrated utility systems could have a significant potential for reducing both 
energy- and water-resource utilization and could represent a worthwhile area 
for future investigation by Government and industry. 


CONCLUDING REMARKS 


This paper has described the techniques and approaches developed for con- 
ceptual and preliminary MIUS design and analysis work. Discussions then have 
been' presented of some of the conclusions derived using these techniques for 
a variety of possible MIUS applications. Finally, comments were made concern- 
ing the potential of using advanced technology in MIUS systems. 

With regard to the design and analysis techniques, the following principal 
steps were indicated as prerequisite to the design of an MIUS, 

In keeping with a ground rule to use currently available equipment, op- 
tions for the various subsystems were analyzed and reduced to reciprocating 
engines (using either diesel fuel or natural gas) or to steam turbines for 
electrical-power generation. Compression or absorption chillers were to be 
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used for air-conditioning; incineration was to be the method for disposing of 
solid waste; biological or physical-chemical methods were to be used in waste- 
water treatment; and recovered heat was to be taken from power-generation and 
incineration processes (supplemented by boilers, if required) for space heating 
and domestic hot-water heating. Ground rules then were developed to bound the 
design options using the cited equipment. 

For any MIUS application, electrical, solid-waste, and water-load require- 
ments had to be analyzed for the buildings the MIUS was to serve. Electrical- 
power-generation equipment and incinerator sizes had to be selected. A com- 
puter program then was used to model the building structure and the local weath- 
er so that subsystem functions could be integrated. Water and heating/cooling 
loads also were developed so that the relative amounts of energy used by the 
MIUS and the conventional systems could be determined. From the computer 
analysis data, then, came the MIUS design to satisfy specific energy and water 
usages. The MIUS capital and operating costs were determined and compared 
with the costs of a conventional system. 

Energy and cost are the two primary concerns in comparison of the MIUS and 
a conventional system. Several key factors were found to affect these concerns. 

1. Energy savings were found to depend largely on the amount of other- 
wise wasted heat that the MIUS is able to recover and use. This recovery and 
utilization of heat appears to be, in a large part, a function of the dwelling- 
unit density and the climate. 

2. Energy utilization is affected by project size in that larger engines 
are generally more efficient than smaller ones. 

3. Energy-savings comparisons depend on the particular conventional sys- 
tems available at a site in that some conventional power and HVAC systems are 
more efficient than others. 

4. The MIUS costs are greatly affected by the size of the HVAC hot- and 
cold-water distribution system, which is a function of project density. 

5. Conventional rate structures vary greatly with location and contrib- 
ute significantly to MIUS versus conventional cost comparison. 

6. Generally, it is not economical for the MIUS to process potable water 
or to provide fire protection water because the scale is relatively small. 

7. The higher capital cost of the MIUS must be overcome by reducing 
operations costs. This reduction can be achieved by using less fuel and fewer 
operators. 

The MIUS, as envisioned in the HUD project, must use either fuel oil or 
natural gas, both of which are diminishing resources. Although the MIUS does 
use less energy, in many areas of the country it will use more of these two 
fuels than does the conventional system. This problem can be alleviated by 
importing and/or pyrolizing solid waste from surrounding areas and using It as 
a fuel to produce steam for a turbine. In this way, MIUS costs will be reduced 
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also. Another technique for saving energy and reducing cost Is* to use excess 
recovered heat to circulate approximately 300-K (80“-F) hot water to serve 
water heat pumps In surrounding single-family dwellings In winter and summer. 

Significant additional energy and water savings can be achieved by using 
advanced technology. An example of a system using pyrolysis, fuel cells, a 
closed Brayton cycle, solar collectors, sulfur dioxide and oxides of nitrogen 
to scrub plant stack gases and simultaneously treat wastewater, low-water-use 
showers and toilets, and architectural building modifications has been Inves- 
tigated. The results Indicate the possibility of reducing energy usage by 
approximately 55 to 60 percent and water usage by approximately 45 percent 
compared to conventional systems. The estimates show significantly more effi- 
ciency than those achieved using existing equipment. Furthermore, the advanced 
system can use several forms of fossil or synthetic fuels, as available. 

Lyndon B. Johnson Space Center 

National Aeronautics and Space Administration 
Houston, Texas, February 8, 1977 
953-36-00-00-72 
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APPENDIX 


ILLUSTRATION OF A THERMAL STORAGE TECHNIQUE 

By James 0. Rlppey 
Lyndon B. Johnson Space Center 

The following is a discussion of a thermal storage system (TSS) technique 
for cooling with particular emphasis on allowing for reduction in the Installed 
electrical generating capacity. The Illustration is for the baseline modular 
integrated utility system (MIUS) design for the 496-unit apartment complex. 

(The loads for the 992-unlt complex are, of course, simply doubled.) 

The design summer day total cooling loads and absorption/compression loads 
resulting from the baseline study are shown in figure 24. The absorption 

2 

chillers would be supplied 103-kN/m (15 psig) steam from the prime movers and 

the Incinerator after domestic hot water requirements were met. Distribution 
losses are added to the compression chiller requirements and equipment selected 
on the peak requirement during the design day; i.e., 859.7 kilowatts (244.6 
tons) absorption and 1273.3 kilowatts (362.3 tons) (plus 34.1 kilowatts (9.7 
tons) distribution losses) compression. 

The design summer day electrical load components are shown in figure 25. 
The domestic and auxiliary load profile without compression air-conditioning 
and the profiles with compression air-conditioning are presented. In the MIUS 
without cold thermal storage, the total demand reaches a peak of 1249.9 kilo- 
watts at 9 p.m. and necessitates the use of three prime-mover /generator sets 
from 5 p.m. to 11 p.m. The introduction of the cold thermal storage capability 
allows only two prime-mover/generator sets to be used as shown at 104 percent 
of the rated load for 3 hours. Such equipment can be operated at overload 
conditions for short periods without adverse effects. Accordingly, chilled 
water is supplied for space cooling and storage in the more efficient early 
morning hours until a level in storage is reached (5623 kilowatts (1600 tons)) 
to meet the remainder of the design day requirements. Figure 26 shows the re- 
vised design summer day cooling requirements with storage available. The com- 
pression capacity was raised from 1307 to 1406 kilowatts (372 to 400 tons) to 
ensure that storage would be completed before the demand period on storage 
occurred. 
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TABLE I.- TYPICAL INDEX INFORMATION 


Location 

1973 building cost 
file M&L composite 

1974 means 

Means/ Chicago 

Fuel and lubrication 
(gasolxne (July 30, 1974)) 

Index 

Labor 

M&L 

Labor 

M&L 

General location 

Mid-Atlantic 

92.8 

99 

96 

90.0 

92.3 

42.9 

94.0 

Northeast 

100.3 

99 

97 

90.0 

93.3 

41.9 

92.0 

Southeast 

76.1 

68 

75 

61.8 

72.1 

40.9 

89.7 

Midwest 

85.6 

91 

91 

82.7 

87.5 

44.4 

97.5 

Specific location 

Chicago, 111. 

100.0 

110 

104 

100.0 

100.0 

45.6 

100.0 

Erie, Pa. 

— 

100 

100 

— 

— 

— 

— 

Lansing, Mich. 

— 

100 

100 

— 

— 

— 

— 

Minneapolis, Minn. 

96.3 

101 

100 






^M&L “ materials and labor. 

**Chicago is considered as a mean here; Chicago diesel fuel price as delivered has been taken at 9.036c/liter. 
(34.2c/gal) based on the October 17, 1974, Platts Oilgram . %rhich shows a 0.792c/liter (3c/gal) profit and delivery 
cost estimate. 
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Architectural rendering of an MIUS plant 
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Energy in 

89 082 000 MJ (84 490x10^ Btu) 


Trash out 

988 metric tons (1089 tons) 


Water in 

138 000 m3 (36 .405xl06gal) 


Conventional 

system 


Energy in 

62 334 226 MJ (59 121xlO^Btu) 


Water in 

123 000 m3 (32 .342x106 gal) 


MIUS 


Energy savings 
Water savings 
Effluent reduction 
Trash reduction 


30 .0 percent 
11.2 percent 
12 .0 percent 
80 percent 


Figure 4.- Annual consumables comparison for a 496-unit 

Washington » D.C. 
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Figure 5.- Overall MIUS design procedure. 













Figure 6.- Generalized ESOP flow diagram. 
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Fuel 

60 526 016 MJ 
(57 406 X 106 Btu) 


r 


Losses 

18 963 539 MJ 

(17 986 X 10^ Btu) 19 573 GJ 


Prime 

mover 


High- grades 
(103 kN/m^ (15 psi) 


Power after 


(5437 X 10" kWh) 


distribution losses 


steam) recovered heat 
12 870 450 MJ 
(12 207 X 10^ Btu) 

Losses 

5 322 358 MJ 

Fuel ^5048 x 106 Btu) 

I 808 210 MJ f 

( 1715 X 10^ Btu)^ 

Trash 

I I 477 654 MJ ^ 

(10 886 X 10^ Btu) 


Recovered Heat 
7 965 614 MJ 

(7555 X 10^ Btu) 


13 238 MJ _ 

(12 556 X 10^ Btu) 
Low-grade (355.37 K (180* F)) 
recovered heat 

9 127 508 MJ (8657 x 10^ Btu) 



Fuel 

0 J (0 Btu) 



Recovered 

heat 

0 J (0 Btu) 



7 136 895 MJ 
(6769 X 106 Btu) 


Domestic and 
auxiliary electricity 
19 037 GJ 
(5288 X 10^ kWh) 

752 (5J 
(209 000 kWh) 


Compression 

air-conditioning 


,4 969 151 MJ^ 


Hot 

water 


(4713 X 106 Btu) 


3380 GJ 

(267 000 ton-hr) 


Rejected heat 
22 793 992 MJ 
(21 619 X 106 Btu) 


T 

Hot water 
m^ (gal) 




^ 11 023 229 MJ 

Absorption 


(10 455 X 10^ Btu) 

air-conditioning 



7280 GJ 

(575 000 ton-hr) 


1 214 611 MJ 
(1152 X 1Q6 Btu) 

1 479 253 MJ 
(1413 X 106 Btu) 



Wasted high-grade heat Wasted low-grade heat 


3 350 724 MJ 
(3178 X 106 Btu) 


796 034 MJ 
(755 X 106 Btu) 


Thermal efficiency: 71 .0 percent 
Total heat used: 86.2 percent 


Figure 7.- Annual MIUS energy analysis for a 496-unit apartment complex in 

Washington, D.C. 
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Fuel 

70 566*591 MJ 
(66 929 X 106 Btu) 


Prime 

mover 


High-grade (103 kN/m 
(15 psi) steam) 
recovered heat 
0 J (0 Btu) 


Losses 

49 401 569 MJ 
(46 855 X 106 Btu) 
Power after 


21174(iJ 
(5881.6 X 10^ kWh) 


distribution losses 


Low-grade 
recovered heat 
0 J (0 Btu) 


21 165 021 MJ 
(20 074 X 10^ Btu) 


Fuel 

0 J (0 Btu) 


Trash 
0 J (0 Btu) 


Losses 
0 J (0 Btu) 

_L 


Incinerator 


Recovered heat 
0 J (0 Btu) 


Losses 

3 702 877 MJ 
(3512 X 106 Btu) 


Fuel 

18 515 440 MJ 
(17 561 X 10^ Btu) 



Recovered heat 
14 812 563 MJ 
(14 049 X 106 Btu) 


Wasted high- 
grade heat 
0 J (0 Btu) 


Domestic and 
auxilary electricity 
18 821 GJ - 
(5228 X lO-’ kWh) 


2354 GJ 
(653 800 kWh) 


Compression 

air-conditioning 


0 J (0 Btu) 


J2 106 046 MJ 


Hot 

water 


(11 482 X 10^ 


10 597 GJ 
(837 000 ton-hr) 


Rejected heat 
13 239 472 MJ 
(12 557 X 106 Btu) 


3^ 

7835 m^ 




(2.07 X 10° gal) 


V 0 J (0 Btu) 


Absorption 



alr-conditioning 



0 kWh (0 ton-hr) 


0 J (0 Btu) 



Wasted low- 
grade He?t 
0 J (0 btu' 


Thermal efficiency: 49.6 percent 
Total heat used: not applicable 


Figure 8,- Annual conventional-system energy analysis for a A96-unit apartment 

Washington, D.C. 
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ENGINE GENERATOR DATA 



Specific fuel 
consumption, 
J/J (BtuAWh) 

Heat-recovery data, J/hr 

(Btu/hr) 



Percent of 
rated load 

Water jacket 
394 K 
(250° F) 

Exhaust 
394 K 
(250° F) 

Lubricating oil 
358 K 
(185° F) 

Conversion 

efficiency 

Number of 
engines 


Figure 10.- Example of engine-generator data sheet 















Low-rise singles apartment (Washington. D.C.) 

Units, no 36 

Indoor dry-bulb temperature, K (“F) 296 (74) 

Ventilation rate (outside atr makeup) , m /min (ft /min) . . • 1.58 (56) 

Inside air enthalpy, kJ/kg (Btu/lb) 64. A (27.7) 

Latitude, deg J 39 N 

Longitude, deg 77 W 

Time zone £ST 

Solar reflectance of ground ................. 0.25 

Atmospheric clearness number Cl-0 = clear) . 0.98 

Direction building faces , ........ . , South 


Exterior tilt angles and surface areas 


Walls and windows 


Tilt angle 
from vertical, 
deg 

Wall areas 
without glass, 
2 2 
m^ (ft'^) 

Gross window 
area, m (ft ) 

Azimuth angle , 
deg 

0 

265 (2853) 

53.5 (576) 

0 (N) 

0 

265 (2853) 

53.5 (576) 

90 (E) 

0 

265 (2853) 

53.5 (576) 

180 (S) 

0 

265 (2853) 

53.5 (576) 

270 (W) 


Roof areas 


Tilt angle 
from vertical, 
deg 

Area, 
m^ (ft^) 

Azimuth angle, 
deg 

0 



0 (N) 

’ 0 

— 

90 (E) 

0 

— 

180 (S) 

0 

— 

270 (W) 

90 

945 (10 173) 

Horizontal 


U-f actors : 


Walls . 0.10 

Windows . . . . . . . . . 1.06 

Roofs .06 

Solar absorptance of walls and roof . . . . . . .... . . . 0. 50 

Construction type (light, medium, heavy) , . . . . ... . . Medium 

Water loads : 

2 ... 

Potable water demand, ra (gal)/day/person . . . . » . . . . 0.3205 (84,7) 

2 

Hot-water demand, m (gal) /day /person .......... . 0.1743 (46.06) 

Solid-waste loads; 

Heating valve, kJ/kg (Btu/lb) ......... ...... 11 622 (5000) 

Generation rate, kg(lb)/day/person . . , . .... . , . • 2.27 (5) 

Moisture, percent ..................... ^ 

Floor area, m^ (ft^) ... .... . . . . . . . . . , , . . 2835 (30 519) 

Ceiling height, m (ft) . , . . . . . . ..... . . . ... Z.5 (8) 


Figure 11,- Example of completed form for a standardized building 




Time of 
day 

Domestic 

electricity, 

kW/unlt 

Auxiliary 
electtlcity, 
percent domestic 
use 

Occupants , 
persons/ 
unit 

Metabolic 

rate, J/hr/occupant 
(Btu/hr/occupant) 

1 a.m. 

0.746 

28 

1.50 

316 200 (300) 

2 a.m. 

.673 

24 

1.50 

316 200 (300) 

3 a.m. 

.546 

37 

1.50 

316 200 (300) 

4 a.m. 

.546 

36 

1.50 

316 200 (300) 

3 a.m. 

.546 

35 

1.50 

368 900 (350) 

6 a.m. 

.546 

36 

1.25 

368 900 (350) 

7 a.m. 

.636 

32 

.97 

421 600 (400) 

8 a.m. 

.763 

27 

.69 

527 000 (500) 

9 a.m. 

.710 

30 

.44 

527 000 (500) 

10 a.m. 

.655 

33 

.28 

421 600 (400) 

11 a.m. 

.655 

35 

.28 

421 600 (400) 

12 m. 

.655 

36 

.28 

474 300 (450) 

1 p.m. 

.655 

37 

.56 

421 600 (400) 

2 p.m. 

.655 

38 

.28 

368 900 (350) 

3 p.m. 

.655 

39 

.36 

1 

368 900 (350) 

4 p.m. 

.655 

41 

.44 

368 900 (350) 

5 p.m. 

.798 

35 

.66 

421 600 (400) 

6 p.m. 

1.055 

27 

.72 

632 400 (600) 

7 p.m. 

1.273 

23 

.83 

527 000 (500) 

8 p.m. 

1.448; 

20 

.83 

421 600 (400) 

9 p.m. 

1.448 

20 

.94 

421 600 (400) 

10 p.m. 

1.448 

20 

1.05 

368 900 (350) 

11 p.m. 

1.175 

24 

1.25 

368 900 (350) 

12 p.m. 

.875 

28 

1.50 

361 200 (300) 

Total 

19.817 





Figure 12.- Example of completed data sheet for low-rise singles apartments. 
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Project number 


Date completed 


Task number 


Atlanta 

Los Angeles 

Denver 

Seattle 


Site-dependent data 

Location selected 

Las Vegas 

Chicago 

New York 

Kansas City 

Engine selected 


Boston 

Minneapolis 

Houston 

Washington, D.C. 


Falrbanks-Morse A78 
Caterpillar A75 


Total population of complex 
Supplementary fuel selected 
Startup fuel selected _____ 


Number of 
buildings 


Family high- 
rise 

100-unit 

18-unit^ 

36-unit^ 

Townhouse 

Commercial 

Special data; 


Falrbanks-Morse 956 
Caterpillar 315 


Solid-waste data 


Building description 
ber of Floor 


Number of 
units 


area, 
m^ (ft^> 


Wall 

factor 


Glass 

factor 


Thermal storage system (TSS) data, if applicable 


Heating and cooling data 

Winter . 

Spring 

Summer 

Fall 

Initial cooling in TSS, J/hr (tons/hr) 
Maximum cooling storage, J/hr (tons/hr) 
Initial heating in TSS, J/hr (Btu/hr) 
Compression chiller size, J/hr (totis/hr) 





Comparative heating and cooling data 

Winter 

.20 

Summer 

, 2a 

Initial cooling in TSS, J/hr (tons/hr) 
Maximum cooling storage, J/hr (tons/hr) 
Initial heating in TSS, J(hr) (Btu/hr) 
Compression chiller size, J/hr (tons/hr) 




Building 2. 

^Building 1. 

Figure 13,- Example of typical computer input form. 




Loads description 


MIUS Conventional 


Electrical: 

Peak power y kW . 

Average power, kW . . . 

Annual usage, J (kWh) • 

Load factor, percent 

Heating and cooling: 

Design cooling, J/hr (tons/hr) . . . 
Design heating, J/hr (Btu/hr) . . . 

Waste disposal, kg/day (Ib/day) : 

Solid waste . . . . 

Sludge ^ . 

Total incineration 

3 

Water loads, m /day (gal/day) : 

Peak potable 

Average potable . . 

Peak wastewater . . . 

Average wastewater . . 


Figure 14,- Example of loads results form 






Annual consumables 

MIUS 

Conventional 

Percent savings 

Fuel , J (Btu) . . 

3 

Potable water, m (gal) . , . , . . 

3 

Wastewater effluent, m (gal) . . . 

Trash effluent, metric 

tons (tons) . 





Figure 15,- Example of consumables results form. 
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MIUS Identification 

Location 

Fuel index Labor index 

Construction index 

Types of dwelling units; 

Number of buildings 

Single family 

2 2 

Commercial dimensions, m (ft ) 

Townhouses 

Site dimensions, m (acre) 

Apartments 

Total residents 


MIUS utilities 

Electrical output 

Equipment and fuel 

Capacity, J/yr (kWh/yr) 

Engine generators, no. Size kW 

Peak kilowatts 

3 

I^Kiel required, m /vr (gal/vr) 

Total kilowatts with heat recovery 

3 

Heat rate, J/m (Btu/gal) 

Total kilowatts without heat recovery 

3 

Fuel storage capacltv, m (gal) 

Water usage and capacity 

Wastewater usage and capacity 

3 

Rate (offsite) , m /yr (gal/yr) 

3 

Wastewater, m /yr (gal/yr) 

Q 

Peak usage, m"'/day (gal/day) 

3 

Peak usage, m /day (gal/day) 


3 

Holding tank volume, m (gal) 


Offsite disposal, vs? hr (gal/yr) 

HVAC and hot water data (central building equipment) 

Centrifugal. J/hr (tons/hr) 

Boilers, no. 

Absorption. J/hr (tons/hr) 

Cooling tower, peak J/hr (Btu/hr) 

Fuel, m hr (gal/vr) 

Site served 

2 

Dimensions of site area, m (acre) 


Individual dwelling unit equipment 


Primary trunklines, diameter and length, m (ft) 


Solid 

waste 

Solid waste, metric tons/day (tons/dav) 

Solid waste, metric tons/vr (tons/vr) 

Sludge, metric tons/dav (tons/day) 

Offsite disposal, metric tons/week (tons/week) 

Supplementary fuel, m^/vr (gal/vr) 


Conventional utilities 

Electrical power. J/vr (kWh/vr) 

2o peak, kW 

Water, m /yr (gal/yr) 

Peak daily 

3 

Wastewater, m /vr (gal/vr) 

Peak daily 

Solid waste, metric tons/vr (tons/vr) 


HVAC (chilled-water equipment): 


Centrifugal chillers. J (tons), total 


Boilers (peak), j/hr (Btu/hr) 

Boiler fuel, m^/vr (gal/vr) 

Cooling tower output capacity. J/hr (Btu/hr) 


Individual dwelling unit equipment 




Figure 16.- Example of typical conventional-system cost-evaluation data form. 
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Identification 


Location 


ELECTRICAL POWER 


Parameter 


Chicago cost 


Equipment; 

Engine generator sets with heat recovery, 
transformers, switchgear, and all MIUS 
building equipment, kW each at $/kW 

Engine generator set without heat recovery, 
kW at $/kW 

3 

Fuel storage and supply capacity, m (gal) 

Distribution external to MIUS building 
Total capital: 

Fuel, m^/yr (gal/yr) at $/m^ ($/gal) 

Lube oil cost, mills/J (mills/kWh) 

Annual operating costs: 

Electric plant, distribution equipment, and 
fuel supply maintenance, mills /J (mills /kWh) 

Distribution system maintenance 

Annual maintenance 


(a) Sheet 1. 


Figure 17.- MIUS cost-assessment forms 











Identification Location 


Parameter 

3 

Annual operating costs, $/m C$/gal) 
Chemicals 
Electricity 

Labor and miscellaneous 
Subtotal operating costs 
Annual maintenance 


Figu 


4 >- 

VJD 


3 

Capacity, m /day (gal/day) 

WATER SUPPLY 



(b) Sheet 2 . 


17.- Continued 







Identification 

• . II ■ ■ ■■■.— — ■!».■ — — ■II 

Treatment parameters 

3 

Primary, secondary treatment, m /day 
(gal/day), peak 

Advanced treatment 

Collection cost 

Fire protection 

Total capital 

Annual maintenance 

Annual operating costs 


Location 


WASTEWATER 


Chicago cost 


Index 


Site cost 


c) Sheet 3 . 
i 17 •- Continued. 
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Identification Location 

Parameter Chicago cost Index | Site cost 

Control subsystem: 

Capital 
Maintenance 
MIUS housing: 

Capital 

Maintenance at 1.5 percent of capital 
Miscellaneous: 

Trenching 
Pneumatic 


Tools 

Spare parts 
Initial fuel load 









Figure 17.- Continued 



















OVERALL ITEMIZED MIUS COST ASSESSMENT 

Identification Location 

Materials 

Subcontractor labor 
Subcontractor overhead 
Subcontractor profit 
General contractor overhead 

Construction load and construction period adjustment 
Engineering 

Architectural (MIUS building) M&L 

General contractor profit 

Turnkey cost 

Base annual O&M cost 

Insurance at 1 percent of M&L 

Property tax 

Profit 

Federal taxes 

Annualized payment with interest 
Annual outlay 

Initial cost per dwelling unit 

Average annual utility bill per dwelling unit 

Average monthly utility bill per dwelling vinit 


(i) Sheet 9. 
Figure 17 . - Concluded . 
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site, J/yr (kWh/yr) 

Initial conditions (costs) for providing power to site: 
Power lines 

Transformer stations ■ 

Initial assessment 

Initial connection charges: 


Location 

ELECTRICAL POWER 
2a peak kW 


Residential units 


Deposit 


Underground distribution 
Other costs and services 


Conmercial tmlts 


Deposit 


Loads assessment 


Building 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

type 













Residential consumptlon/dvelllng unit, J (kWh) 



Commercial (and other uses) consumption/establishment, J/kW/month (kWh/kW/month) 



Note: O&M: No assessment Independent of rate structure will be made for conventional electrical power. 


(a) Sheet 1* 

Figure 18,- Conventional-system cost-assessment forms 






















Identification 


Site, m /yr (gal/yr) 

(With fire protection) ■ ' 

Water source 

Initial conditions (costs) for providing service to site: 

Supply line 

Ireatment plant 

Initial assessment 

Initial connection charges: 


Residential units 
Commercial units 


Deposit 

Deposit 


Peak daily, (gal) 

(Without fire protection) 


Elevated storage tank. 
Distribution 


Loads assessment 


Building 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Oct. 

Nov. 

type 












Residential consumption/dwelling unit, m Cgal) 


Comnercial (and other uses) consunption/establlshaenc, (gal) 


Note: OSH: No assessment independent of rate and tax structure will be made for the conventional vrater supply. 


(b) Sheet 2. 

Figure 18.- Continued 





















Identification 


Location 


WASTEWATER 


Site, m /yr (gal/yr) 

(With fire protection) 

Water authority 

Initial conditions (costs) for providing service to site : 

Trunks 

Life stations 

Initial assessment 

Initial connection charges : 

Residential units ^ 


Dally peak, m (gal) 

(Without fire protection) 


Treatment plant 
Outfall 


Collection 


Conmercial units 


Loads assessment 


Building 

Jan. 

Feb , 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept . 

Oct . 

Nov. 

type 













Residential consumption/dwelling unit, m (gal) 


Commercial (and other uses) consumption /es tablishment , m (gal) 


Note: O&M: No assessment Independent of rate and tax structure will be made for the conventional water supply. 


(c) Sheet 3, 


Figure IS.- Continued 






















(d) Sh< 
Figure 18,- 


4 













Identification 


Location 


SOLID WASTE 

Responsible agency 

Initial conditions for providing service to site 
Numbers of collection points: 

S Ingle- family , detached 

Townhouses ^ 

Duplexes and similar buildings 

Apartment buildings 

Commercial and community buildings 

Annual load, metric tons/yr (tons/yr) 

Other charges 

Rates ■ 

Taxes 

(e) Sheet 5. 
Figure 18,- Concluded, 
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Tasks 


Analyze project; prepare data 
for computer run 

Make computer run 

Analyze data and prepare 
for rerun with thermal 
storage, if appropriate 


Make computer run with 
thermal storage, if appro* 
oriate 

Analyze data; prepare data 
for costing 

Document loads and consum- 
ables data 

Perform and document MIUS 
costing 

Define typical conventional system 

Cost conventional system 


4 


Days 


8 


9 


10 



for MIUS rapid analysis 


























mptlon per year 















Figure 23.- Illustration of an advanced integrated utility system. 














Electrical power consumption, kW 


Key 



Figure 25,- Design summer day electrical consumption. 
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